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Background: Probiotics have been used for dairy products such as yogurt and yogurt drinks, however cholesterol content and lactose intolerance are important drawbacks. Recently, consumption of non-dairy probiotic food especially for probiotic drink products has been intensified.
Objectives: This research was conducted to determine the suitability of peach as a raw material for producing probiotic peach juice by lactic acid bacteria.
Materials and Methods: Peach juice was inoculated with a 24-hour-old lactic acid bacteria culture and incubated at 30°C. Changes in the pH, titratable acidity, sugar content, and viable cell counts during fermentation under controlled conditions were monitored. Viability of lactic acid bacteria cultures in fermented peach juice was also measured during four weeks of cold storage at 4°C.
Results: Lactobacillus delbrueckii grew well in peach juice, reached nearly 10 × 109 CFU/mL, after 48 hours of fermentation at 30 °C and was capable of more sugar consumption, pH inclination and production of lactic acid during fermentation. After four weeks of cold storage at 4 °C, the viable cell counts of L. delbrueckii were 1.72 × 107 CFU/mL, in fermented peach juice. Lactobacillus casei could not survive in fermented fruit juice after the cold storage.
Conclusions: In conclusion, L. delbrueckii in peach juice was appropriate to produce a probiotic beverage. Therefore, this juice can serve as a healthy beverage for vegetarians and lactose-allergic consumers.
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1. BackgroundProbiotic foods are products containing live microor-ganisms with healthy properties for consumers (1). The concept of probiotic was first explained by Metchnikoff (Russian scientist) in 1907. Accordingly, consumption of large amounts of fermentative dairy products con-tributes to health effects through balancing intestinal micro-flora. This was the first time that a scientific in-vestigation on functional effects of lactic acid bacteria available in fermented dairy products was performed. More than 90% of probiotic food supplements contain different varieties of Lactobacilli and Bifidobacteria. In ad-dition to the discovery of the health effects of probiotic bacteria, many studies have been implemented on the process and production of probiotic products ferment-ed with probiotic organisms (2, 3). The low viability of probiotic organisms is amongst important problems in processing and production of probiotic food supple-ments because of their sensitivity to difficult conditions such as low pH in food and powerful enzymes of stom-ach. As reported by the Food and Agriculture Organiza-tion (FAO), a standardized probiotic food must contain a minimum amount of 106 CFU/g active and live organ-isms (probiotic) at the time of consumption (4). How-
ever, the most important part of research in this field is the production of food products that provide a more appropriate media for maintenance and survival of pro-biotic microorganisms for longer durations. Fruits and vegetables are rich in functional food components such as minerals, vitamins, dietary fibers and antioxidants (phytochemicals). Furthermore, fruits and vegetables do not contain any dairy allergens that might prevent usage by certain segments of the population (5). Fruit and vegetable juices have an established market sector as a functional drink including calcium and vitamin-fortified juices. These drinks are consumed regularly, which is essential if the full benefits and advantages at-tributed to probiotics are to be experienced (6). It has been suggested that fruit and vegetable juices could serve as a suitable media for cultivating probiotic bac-teria (7). Probiotic stability in fruit and vegetable juice products is difficult to maintain during cold storage however probiotic encapsulation might solve this prob-lem (8). Different studies have been implemented to in-vestigate the suitability of fruit juices such as tomato, orange, grape, carrot, pomegranate, beet, potato and cabbage juices as raw vegetables and fruits for probiotic 
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drink production. Lactobacillus plantarum, L. acidophi-lus, L. casei and L. paracasei have been used as probiotic cultures. Results have shown that all the strains of pro-biotic bacteria are capable of growth in the mentioned juices. The microbial population increases significantly after 48 hours of fermentation. Moreover, L. plantarum, L. acidofilus and L. delbrueckii have shown to be resistant to high acidic and low pH conditions during storage pe-riods at 4°C for four weeks (3, 8-10). The study by King et al. showed that immobilized cells of probiotic lactic acid bacteria retained more during the cold storage period of ten weeks in fermented tomato juice compared with free cells because the immobilized cells were protected from oxygen, high concentrations of substrate and products, and inappropriate conditions such as low pH and high acidity (8). Peaches (Prunus persica) are rich in minerals, vitamin C and contain a lot of sugar (11). They are high in phytochemicals, dietary fibers and polyphenols that lead to health developments in consumers (12).
2. ObjectivesThe objective of this study was to determine the suit-ability of peach juice as a raw material for production of probiotic juice by lactic acid bacteria and to evaluate the viability of this product in cold storage conditions.
3. Materials and Methods
3.1. Strains and CulturesProbiotic lactic acid bacteria (Lactobacillus plantarum DSMZ 20179, L. delbrueckii DSMZ 15996, L. casei DSMZ 20011) were supplied by the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Germany. All bacterial cultures were stored at -20°C in MRS medium (Merck, Germany) containing 20% glycerol. The probiotic cultures were grown for 24 hours at 30°C in MRS broth (Merck, Germany) for reactivation.
3.2. Fermentation of Probiotic Peach JuiceCommercial peach (P. persica) juice was purchased from a local store (Takdaneh group company, Tehran) and kept at 4°C prior to use. Peach juice as suggested by Mousavi et al. was pasteurized for five minutes at 80°C before fermentation (9). Fermentation experiments were per-formed in test tube containers (25 × 200 mm). Each tube was filled separately with 40 mL of sterile peach juice. All samples were incubated with a 24-hour-old probiotic cul-ture (> 105 CFU/mL) at 30°C for 72 hours. For chemical and microbiological analysis, samples were taken at 24-hour intervals.
3.3. Effect of Cold Storage Time on Cell Viability of Fermented Peach JuiceThe fermented juice samples were stored at 4°C for four 
weeks after 72 hours of fermentation at 30°C. Viabilities of probiotic cultures in fermented peach juice were in-vestigated and expressed as colony forming units (CFU/mL). All samples were examined at weekly intervals.
3.4. Microbiological and Chemical Analysis During the Fermentation of Peach JuiceThe pH value of samples was measured separately by a digital pH meter (Metrohm 744, the Netherlands). To-tal acidity, expressed as percentage of lactic acid, was determined by titrating with 0.02 N NaOH to pH = 8.2. Reducing sugar content was analyzed as glucose equiva-lents by the 3, 5-dinitrosalicylic acid (DNS) method of Miller (13). Finally, viable cell counts of all samples were analyzed by the standard plate count (SPC) method with MRS medium (Merck, Germany) at 30°C after 48 hours of incubation.
3.5. Statistical Analysis MethodAll experimental measurements were carried out in triplicate. The statistical analysis was conducted using the SPSS software version 18.0 (Chicago, IL, USA). Analysis of variance (ANOVA) was performed using the ANOVA pro-cedure. Significant differences (P < 0.05) between means were determined by Duncan`s multiple range test.
4. ResultsAll species of lactic acid bacteria (L. casei, L. delbrueckii and L. plantarum) were found to be capable to grow well and appropriately ferment the peach juice. The kinet-ics of lactic acid growth in peach juice with L. casei, L. delbrueckii and L. plantarum are illustrated in Figure 1. L. casei, L. plantarum and L. delbrueckii grew well on peach juice and reached 1.12 × 109 CFU/mL after 48 hours at 30°C. The changes in pH value of peach juice have been shown in Figure 2. Also, titratable acidity changes of peach juice have been shown in Figure 3 during fermentation with lactic acid bacteria. The initial value for pH in peach juice was 4.4 and titratable acidity was 0.26% (14). As demon-strated in Figure 4, sugar is somewhat consumed by lac-tic acid bacteria in peach juice during probiotic fermen-tation. Initial sugar content was 20.2 g/L in peach juice before consumption by lactic acid bacteria. Lactobacillus delbrueckii consumed the greatest amount of sugar con-tent of peach juice during fermentation when compared with the other strains and decreased the initial sugar con-tent of 20.2 g/L to 12.9 g/L. The effects of cold storage on the viability of lactic acid bacteria species in fermented peach juice is presented in Table 1. The viable cell counts of L. plantarum and L. delbrueckii in fermented peach juice were still 7.2 × 105 and 1.7 × 107 CFU/mL after four weeks of storage at 4°C. However, L. casei was unable to survive the low pH and high acidity conditions in all fermented peach juice samples at 4°C and lost its cell viability com-pletely after one week of cold storage.
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Figure 1. Growth Kinetics of L. plantarum, L. delbruekii and L. casei During Fermentation of Peach Juice at 30°C With Initial pH of 4.4
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Filled square = L. delbruckii, filled triangle = L. plantarum and filled dia-mond = L. casei.
Figure 2. Changes in pH During Fermentation by L. plantarum, L. del-bruckii and L. casei in Peach Juice
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Figure 3. Changes in Titratable Acidity During Fermentation by L. planta-rum, L. delbruckii and L. casei in peach juice
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Initial acidity = 0.26%; filled square = L. delbruckii, filled triangle = L. planta-rum and filled diamond = L. casei.
Figure 4. Changes in Sugar Content During Fermentation by L. planta-rum, L. delbrueckii and L. casei in Peach Juice
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Initial concentration of sugar content in the medium = 20.2. Filled square = L. delbruckii, filled triangle = L. plantarum and filled diamond = L. casei.
Table 1.  Effect of Cold Storage (4°C) During Four Weeks on the Viability of L. plantarum, L. delbruckii and L. casei in Fermented Peach Juice a, b
Time, Weeks CFU/mL
Lactobacillus plantarum Lactobacillus casei Lactobacillus delbrueckii
0 6.1 × 108 ± 0.0 × 108 5.7 × 108 ± 0.1 × 108 1.3 × 109 ± 0.1 × 109
1 4.8 × 108 ± 0.3 × 108 9.8 × 104 ± 0.3 × 104 7.4 × 108 ± 0.1 × 108
2 2.3 × 107 ± 0.3 × 107 ND 1.7 × 108 ± 0.1 × 108
3 9.2 × 106 ± 0.3 × 106 ND 7.9 × 107 ± 0.3 × 107
4 7.2 × 105 ± 0.6 × 105 ND 1.7 × 107 ± 0.8 × 107a Abbreviation: ND, not detected.b Means and standard deviations for n = 3. The experimental values within rows that have no common superscript are significantly different (P < 0.05) according to Duncan`s multiple test range.
5. Discussion
5.1. Fermentation of Peach Juice With Lactic Acid BacteriaAs indicated by Figure 1, extension of fermentation time beyond 48 hours did not result in a significant in-crease in viable cell counts of lactic acid bacteria. This 
phenomenon could be due to low pH and high acidity (11) in fermented fruit juice. Also, oxygen tension and water activity are two important characteristics of fruit juices that lead to weak growth ability of probiotic bacteria (7). However, Rakin et al. and Aeschlimann and Von Stockar showed that addition of autolysate positively influenced the cell count of lactic acid bacteria during fermentation and the time of fermentation was reduced by increasing 
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amino acids, vitamins, minerals and antioxidants con-tent of juices (14, 15). Low pH of media contributes to a decline in the growth rate and an extension in length of the lag phase (14). Also, the extended lag phase was considerable for all strains during which the bacterial cells adapted with the new conditions such as pH, acid-ity (natural and metabolized acidity) and carbon sources (carbohydrates) (3). Growth of probiotic organisms in an appropriate medium contributes to the release of or-ganic acid (lactic acid) and consequently decreases the pH value of the substrate. The stress induced because of variations between the pre-culture and the fermentation medium leads to a decline in growth rate during the lag phase of the fermentation process. Furthermore, MRS broth culture (as the pre-culture) has a pH of about 5.6 but the initial pH of the fermentation medium (peach juice) was significantly lower than this amount (about 4.4 in peach juice). As expressed by some authors (9), acid tolerance is an important probiotic trait for survival dur-ing fermentation in food medium. Natural and acidic conditions in fruit juice media limit the growth rate of probiotic bacteria (16); however, Tuorila and Cardello suggested that fruit and vegetable juices could serve as a good medium for probiotic bacteria growth because of their vitamin, sugar, mineral and antioxidant contents (17). Ding and Shah reported that the microencapsulation method protected probiotic bacteria from acidic and low pH conditions in fruit juice media during fermentation (18). Among all strains, L. delbrueckii produced a greater amount of lactic acid during fermentation of all peach juice samples and thus there was a greater decrease in the pH value of samples containing L. delbrueckii. It could be observed in Figure 1 that L. delbrueckii had a better growth rate and caused enhancement in titratable acid-ity in peach juice from 0.26% to 0.62%; titratable acidity produced by L. casei and L. plantarum in peach juice were lower than L. delbrueckii as indicated by Figure 3. Amongst all examined strains, pH value was more decreased by L. delbrueckii due to the rapid growth of this bacteria and greater production of lactic acid during fermentation of fruit juice, decreasing the pH from 4.4 to 3.85. Accord-ing to Figure 4, greater growth of L. delbrueckii has led to higher consumption of sugar, metabolism of lactic acid and decline in pH value during fermentation (3). Yoon et al. during 2004 and 2005 found that L. delbrueckii has better growth rate, consequently lactic acid production, pH value inclination and sugar consumption, when com-pared to other strains used in probiotic fermentation of tomato and cabbage juices, respectively (11). Mousavi et al. also found that the growth rate of L. delbrueckii and L. plantarum were better than other strains in probiotic fer-mentation of pomegranate juice (9).5.2. Effect of cold Storage on Cell ViabilityAccording to Figure 1 initial microbial population of each microorganism before storage at 4°C could affect the final survival of bacteria. Lactobacillus plantarum with 
a Lowest population in fermented peach juice was not able to survive after 72 hours of fermentation cell count of probiotic bacteria should be 106 CFU/mL for probiotic purposes) after four weeks at 4°C yet L. delbrueckii was able to survive at a cell count of 107 CFU/mL after four weeks of cold storage. As Heenan et al. and Granato et al. have reported, low pH fruit juice, with a range of pH typically between 2.5 and 3.7, causes an increase in bac-terial sensitivity in stressful conditions, and in cold stor-age conditions this affect is intensified (6, 19). Survival of lactic acid bacteria is an important factor for choosing an appropriate microorganism to produce probiotic fruit juice that can resist cold storage conditions after production. As it can be seen in Table 1, L. delbrueckii and L. plantarum in fermented peach juice were capable of surviving cold storage conditions. For maximum health benefits, the minimum number of probiotic organisms in a food product should be 107 CFU/mL; also, the viability of the lactic cultures is the most important factor dur-ing refrigeration or frozen storage (7), thus L. delbrueckii was suitable to produce probiotic fruit juice, as indicated by our study. The viability of probiotic organisms is de-pendent on the level of oxygen in products, oxygen per-meation of the package, fermentation time and storage temperature (18). The viability of probiotic organisms is also influenced by inhibitory components such as lactic acid during fermentation and cold storage. Some other Conditions such as increased acidity resulting from the fermentation process can reduce the survival and viabil-ity of probiotic bacteria (16, 20-22). As mentioned above, we found that L. delbrueckii and L. plantarum could survive the high acidity and low pH in fermented peach juice. Fruit and vegetable juices are not a suitable media for the growth of L. casei and production of probiotic beverages (23). Lactobacillus delbrueckii and L. plantarum are stron-ger strains than L. casei to survive in pomegranate juice after four weeks in cold storage and high acidity condi-tions (24). Yoon et al. found L. casei is weak and does not survive in cabbage juice after 72 hours of fermentation for four weeks of cold storage (11). However, L. casei Zhang are stronger and survive in fruit and vegetable juices as probiotic bacteria (25). Microencapsulated probiotic bac-teria could survive in fermented low pH and high acidity fruit and vegetable juices such as orange and apple juices compared with cell free bacteria in the same conditions of storage and temperature because of the protection ef-fects of the microencapsulation method from high acid-ity and low pH (18). In addition to the functional proper-ties of raw fruit juices, probiotic fruit juices have greater health benefits for consumers.Three strains of lactic acid bacteria including L. planta-rum, L. casei and L. delbrueckii were investigated for their ability to be fermented in peach fruit juice, and perform cell synthesis and lactic acid production without any nu-trient supplements, to produce a probiotic fruit juice. These strains grew in peach juice at 30°C and finally reached 10 × 109 CFU/mL after 48 hours of fermentation. 
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Each strain that was capable to grow more, consumed a greater amount of sugar content, decreased the pH value more and produced a higher amount of lactic acid (as ti-tratable acidity) during fermentation. Lactobacillus plan-tarum and L. delbrueckii were capable of surviving the con-ditions of low pH and high acidity in fermented peach juice during cold storage (four weeks) at 4°C. In contrast, L. casei was not able to survive the low pH and high acidic conditions and consequently lost cell viability complete-ly after only one week of cold storage. From the results of this research, it is concluded that L. delbrueckii, according to properties required for probiotic beverage production (106 CFU/mL cell count), could be used as the culture for production of healthy beverages from peach, for vegetar-ians or consumers who are allergic to lactose present in probiotic dairy products.
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